THE WARLPIRI
H is to r ic a ll y, the warlp irf' were a group of serninomadic hunters and gatherers who wandered the de sert of Central Australia. Today they live in outstations and towns in their ance stral homelands. Many hav e claimed their traditional land and established sm a ll homestead s nea r larger settl emen ts . Th e Warlpiri treasure their traditions and still tea ch their children the teclmiques of su rvival in the d esert. Their sand stories and iconographical designs p lay an important role in keeping their nomad ic traditions alive. Because these iconographical designs, their composition, and the stories they tell are my primary concerns, my d escription of Warlpiri culture w ill be of their traditional culture.
The western desert region of cen tral Au stralia is a harsh place. It is a place of limited di versity and resources. Sand ridges often stretch for miles separated by flat sand plains. The most preva lent plant-life are pale green spiny gra sses. Occasionally this pattern is broken b y red gravel cliffs upon which variou s species of wattle grow. Pervading this rather deso late landscape is a scarcity of water. Rainfall is unreliable and u nevenly distributed; when it come s it av erages less than tw enty centimeters per year," Drinking water collects in w aterholes while the few lake s, usually dry,ho ld undrinkable saltwater after hea vy rains. Fred Myers describes the situation succinctly for the Pintupi, another Australian aboriginal people.
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For hun ter s and gathere rs , t he unreliability of w ater supplies poses the fund a m en tal s u bs is te n ce challenge. It is important to understand the na ture of this resource. Although there are no permanent surface waters in the area, the Pintupi have found it possible to exploit other types of water supply. They have used large , shallow, transien t pools formed b y heavy rain; d aypans and rock reservo irs in the hills that might be filled from lighter rainfall s; so akage wells in sandy creek beds; and 'wells' in th e sand or in the rock between the sand ridges.' Living off of this land is challenging, but the Warlpiri, like the Pintupi, have adapted to it, obtaining a variety of food substances from grass seeds to kang aroos as the y move from water hole to water hole . This enviro n men t of the western desert, a lt ho ugh n ot a determiner of Warlpiri culture, has a p rofound influence on their cosmology and their sand stories .
The Warlpiri trace descent from totemic ancestors who are personified environmental entities like rain, the honey ant, fire, and the yam . The wanderings of th ese ance stors created the present day features of the desert landscape. All of the Warlpiri ance stors traveled routes that can still be loca ted . Indeed, major featu res of the landscape are the result of ancestral footp rints, imprints from an ancestor sitting or lying down, or transformation s of parts of an ancestor's body int o a geological or topographical feature. Rock form ations are metamorphosed limbs and genitals, water holes were dug by ancestral beings looking for food, and dried river beds were cu t w hen an ancestral being d ragged his tailor some object along the ground. ing is real, an accurate description of the wo rld and a true history of what happened. The Dreaming is symbolic, a structure of ideas, va lues, and social norms.
2_FORMAL MODELSOF WARLPIRIICONQGRAPliY
The iconographic designs of the Warlpiri reflect the Dreaming metaphysic, represent the ancestral actors of the Dreaming, and relate the Dreaming stories . Here I will examine four categories of Walpir i iconography from a formal algebraic point of view." My ana lysis sees the iconogra phic system s as forma l lan guages. Formal languages are algeb raic systems consisting of two sets. One set is a finite set of symbols called the alphabet of the language, and the other is a set of words.
The words of the language are created by combining symbols of the alphabet in certain specified ways. (The analogy with hu man languages is intentionall) It is usu ally the case that some combinations of alphabet symbols are wo rds of the langu age and some are not. For examp le, if we con sider English to be a forma l language, then elephant is certainly a wo rd of the language, whereas the string of English alphabet letters glpolci is not.
For formal languages, strings of alphabet symbols which are words are separated from those which are not by something called a formal grammar. Formal grammars provide the rul es for constructin g words an d for exclu ding non-word combinations. The most familiar formal gramma rs are those of computer p rogramming languages which provide the legal syntax from statements.The formal grammar of the computer lan gu age BASIC will allow us to w rite A = C + 10,but not=CA 10 +.
the Dreaming. The Dreaming, which is not unique to the Warlpiri, is argua bly the mos t well-known and most enigmatic aspect of Australian aboriginal cultu re. The Dreaming refers to the time of the creation of peo ple and of the world. Stories of the Dreaming are invariably tales of journeys. People and crea tures and spiritual beings traver se the landscape, creating new landscapes, beginning traditions, defining classifications, and providing the reasons for why things in the natural wo rld are the wa y they are. When a story abou t the Dreaming is told, it is considered a tru e story, a fact, a description of wha t is.
The Dreaming is a time of the creation of the worl d, but it is also the present. It is alwa ys there.The As an example of a forma l language and its grammar, consider the infinite set of words {Ol, 0011, 000111 , 00001111, ...}. This language has the set {O, l} as its alphabet. Its set of words includes only those strings that begin with one or more zeros and end with a like number of ones . Its grammar can be expressed w ith these rul es: The letter S is a specia l symbol called the start symbol.
We may generate wo rds in the lan guage by beginning wi th any ru le that has S on its left side (Rules 1 and 2 in this example). If we select Rule 1 we get the word 01. If we select Rule 2 then we get OA1. Because A is no t in the alphabet (sy mbols no t in the alphabet are called nonterminals) we do not yet have a word. Thus, we must select a rule wi th A on its left side and replace A by th e right side of that ru le. For example, if we ap pl y Rule 3, the str ing OA 1 be comes the word 0011. On th e other hand, if we apply Rule 4, OA l becomes the string OOAl1. We continue to apply ru les until a string consisting only of alphabet elements (i.e. a word) results. It is easy to see tha t the four ru les given above will produce only the words in the set {Ol , 0011 , 000 111, 00001111, ... I.
It is customary in forma l language theor y to combine ru les that have the same left hand side into one rule with the options separa ted by pipes ( I ). Using this con ven tion , our grammar become s the tw o rule grammar:
In my discussion of Warlpiri iconography, I will suggest a forma l grammar for the forma tion of iconographic complexes. To provide cultu ral context, I will also d iscuss the use of the iconography by the Warlpiri . It sho uld be kept in mind that the algebraic analysis is intended as a model of the iconog raphic systems an d is not necessarily the way the Warlp iri view their syste m . Whether or no t the iconogr aphic systems are actually formal algebraic sys tems is discussed in Section 3.
Sand Stories
Sand stories are usually told by w omen. A patch of gro und is swep t d ean by hand and a story is rela ted by drawing figures in th e sand, singing corresponding songs, and providing minim al narra tion . The sand stories are about ancestral events and the Drea ming. Sand stories involve the patterns of daily life like gathering food, tra veli ng , interpersonal relationshi ps, birth, death, and ceremonies. The nature of the sand stor y sign s reflects the medium in whic h they appear. The signs are drawn in the sand w ith the finge rs and th us consist of simple line s, and curves. Figure 1 shows the basic sand story signs.
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Figure 2 Range of meaning of single signs. 
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circle, large Circle, small arc, large Arc, Ushaped, Incompl ete enclos ure, ellipse, [ l. ( l, < » }.The bold letters will be used as alphabet symbols in the grammar. Thus, stc signifies a segment followed by a bent segm en t followed by a circle. Like this:
It is also necessary to introduce special sym bols (like accent or punctuation mar ks) to specify how the combinations are to be cons tructed . So, I've added the following symbols to my alphabet":
Foraging [] ind icates that the enclosed string is below the previou s symbo l {} ind icates that the enclosed string is inset into the previou s symbo l < > indicates that the enclosed string conv erges on the previous symb ol These signs are comb ine d in a fin ite n umber of ways to create sand story scenes. The scenes are then sequenced to form the sand story. The ranges of meanings of the single signs are give n in Figu re 2. A forma l lan guage can be described th at takes the basic story signs as its alphabet and prod uces sand story scenes as word s.' Some typical sand story scenes are sho wn in Figu re 3.1>
A formal lan guage of the sand stories, which I w ill call SAND, ma y be de fined as follows. I use the descriptive titles from The SAND grammar can be seen to produce each of the sand story scenes in Figure 3 as well as m any other s. For example, the camp scene:
0111.
may be generated by the following sequence of gram- Consid ered as a formal language, SAND has several interesting featu res that reveal something about the iconography it models. For example, the rules pertaining to the ceremonial dances (Ru les 11 -14) arc infinitely recursive allowing any number of singers and dancers. Actual sand stories known to me go no larger than three rows of dancer s (bump sequences ) and five singers (If -shapes), bu t although th ere are certain practical limits, there appears to be no potentiallimit to the size of thi s scene.
In con trast to the dances, there is a definite upper limit on the number of people occupying a campsite en closure. This is reflected in th e grammar by the bounded derivations possible through Rule 5 which limits enclosures to three adult inhabitants. We now tum to the female designs known as yawalyu.
Nancy Munns has show n the iconographic relationships between sand stories and yawalyu. Here we w ill investigate their formal properties.
Yawatyu
Yawalyu d esi gns are ge nerally revealed to women in dreams. A ceremony is usually performed to reveal a new design and the presentation of the design is accompanied by songs. The yawalyu dream is a story about the Dreaming. How the Warlpiri view these dreams is summed up by Nancy Munn:
The Warlpiri view is certainly not that "life is like a d ream " but more nearly the op posite: that whenever event sequences are cut off from the world of everyday life so that they seem to con- 
Vawagi berry
Notice th at the number of signs in yawalyu designs is much less that that of the sand story scenes. ( Figure 5 shows the basic yawalyu design elements.') Consequ ently, my formal language for yawalyu design s, which I will call YAW, has a very sma ll alphabet. Specifically, the formal language for yawalyu desi gn s ma y be give n as follows.
YAW: The alp ha bet is ILl-shaped, Ring, Circle, Stick, Parallel line segme nts, H ooked segment, [ J. I }).
As was the case wi th the langu age SAND, it will be necessary to introduce special symbols (like accent or punctu ation ma rks ) to specify how the combinations are to be cons tructed. I use the same conventional symbols as I d id with the sand story language. Thus, I ] indicates th at the enclosed. str ing is below the previous symbo l { } ind icates th at the enclosed str ing is inset in to th e previous sy mbo l
The gra mma r for YAW has the following rules: A rule of particula r in teres t is Rule 11 which gene rates site path design s, a fundamental and po p ular Warlpiri des ign th at appears in contexts o ther tha t yawalyu design s. I tum my a ttention to th ese designs now.
Figure 5
Basicyawalyu elements with range of meanings.
Site-Path Designs
Site-path desig ns, usually drawn by men but sometimes occurring in yawalyu designs, depict the variou s routes taken by ancestral beings in the Dreaming . Consisting almost entirely of parallel lines and concentric circles, site path designs appear in Australian aborigine rock art, body painting, on shields and other artifacts, and in contemporary art for sale.11 A typica l example of a site-path design appears in Figu re 6. 12 Site-path de signs are clearly remini scent of formal graphs with the concentric circles serving as ver tices and the parallel line segments as edges. One significant difference bet w een m athemat ical graphs and Warlpiri site-path designs is that the Warlpi ri designs allow for free edges connected to only a single vertex. My forma l language for site-path designs, which I will call SITE, is as follows. Larger polygons and compl ete graphs may be specifie d by using lon ger "Roads" and changing the numera ls in the parenthetical attachments. The alternative to the family of ru les is a context sensitive grammar or some sort of regulated rewriting system ." How ever, the site path des ig ns kno w n to m e a re . -:-:"7:C;-:-::C;-;;;;-;=;-:-:~= sma ll in size and only th e "Roads " an d "Nets" see m to be potenti ally infini tely extenda ble.
The d ollar sign , $, applied to a site path sequence enclosed in parentheses attaches a copy of that sequence via correspond ing concentric circles . Thus, we have the following notations:
Free edges attached to the same concentric circle are d enoted by repeating the P symbol. Thus, we have the following no tati on: PPPPC for:
(CPC PC )$ for:
2.4 Guruwarl Guruwari are men's an cestra l designs. Guruwari are painted on ceremonial regalia, boards, stones, th e gro und, and on bo dies. They tell the stories of th e ancestors, their travels, the found ing of the clans, hi stor y, ecology, geogra phy, an d geology of Warl p iri countr y. Guru wa ri designs are powerfully charged with dream va lue. They originate in d reams and tell about the Dreaming.
and (CPCPCl $$ for:
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We may th en give the grammar rules for SITE as follows. Figure 7 presen ts a sampling of men's ances tral designs . No tice that the designs, like th e sand story scenes and the yawalyu, are com plexes composed of a small set of basic signs. The ba sic signs are variables, taking on a variety of sema ntic va lues. The und ulating line can represe nt bo th "snake" and "ligh tning" and the d ots may be "eggs" or "ants:' Also, notice th at the undula ting line and stra ight line serve as base symbo ls which are flanked on bo th sides by the sa tellite symbo ls (dots, sma ll circles, short pairs of parallel lines , etc.). These patterns ma ke th e form al langu age of men 's ances tra l designs, I'll call it G URU, relatively straightforward . We ha ve seen how various subsets of Warlpiri iconography ma y be modeled as formal lan guages with context-free or context-sensitive rules. It is natural to ask at this point if this is but an empty exercise or is the Warlpi ri iconography a mathematical system of some so rt. A beginning of an answer to that question is the topic of the next section.
IS WARLPIRIICONOGRAPHYMATHEMATICS?
Originall y, I began to think of Warlpiri iconography as a formal lan guage in an attempt to provide an interesting, but manageable, formal language modeling examples for my computer science and mathematics students. The Warlpiri designs are appealing in the ir ow n righ t. just unu sual enou gh to engage students, much more interesting than arbitrary sequ ences of letters, and smaller in scope tha n na tural languages
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Figure 7
Guruwari. or computer languages. Ad d itionally, Warlpiri designs are a real set of objects with an uncoverable forma l algebraic structure. As such th ey provide an entry to the mathematical modeling of human artifacts.
My students were su ccessful in producing formal languages with gramm ars for selected collections of Warlpiri designs." How ever, the question of whether or not the iconographic system of th e Warlpiri is a Warlpiri mathema tics arose frequently in our di scussions. That is, can we say that the icono gr aphic system of the Warlpiri is a mathem atical sys tem? A short answer to the question, in my op inion, is a tentative yes , the Warlpiri iconogr aphic system is ma them atics. The Warlpiri iconographic system has the components that we expect of an algebra interacting in a way that is on ly slightly different fro m the abstract algebra we learn ed .
The visual algebra ic components of Warlpiri iconography are obvious. We ha ve a finite set of symbols and the symbols may be combined to make more complex struc tu res accord ing to a finite set of ru les. Compare th is to the form ation of eq uations in college algebra where the letters x and y, the in tegers 2 an d 3, and the sym bols =, + : , and " combine to make the com plex notion of a qu adra tic function: y = x" 2 + 3x.
Beyond w ha t we see in the iconography is its power to model the real wo rld of the Warlpiri. The iconograp hic designs are, to a large extent, models of the Dreaming , the fundamental reality of the Warlp iri. The Warlp iri iconographic system can, in this way, be seen as a mathematical mod el of aspects of rea lity parallel in form and function to the mathe matical mod els of trajectories we study in college algebra.
The Warlpiri recognize the com ponents and rules of their iconography and they recogni ze its modeling fun ctions. What they d on't seem to hav e is a "theory of iconography" that abstracts gene ral patterns from the sand scenes, yawalyu, and guru wari. Here we may question whe ther or not the iconography is mathematics. Perhap s we are safer to say, as Marcia Ascher has suggested, that the Warlpi ri iconography be called "mathematical ideas" rather tha n ma thematics."
I prefer to leav e the question ope n at this time. Obv ious ly, that we can mo del the iconography with mathematics does not imply that the iconography is mathemat ics, but neither does it imply that it isn't. The qua ndar y may be reso lved by researchers working in the field of ethnomathe matics.
Ethn omathematics includes "all practices of a mathematical na ture, such as sorting, classifying , counting, and measuring, wh ich are performed in different cultu ral settings, through the use of practices acquired, developed , and tran smitted th rough generations."1 6
The Austrian mathema tician Roland Fischer provides a way of viewing mathemati cs that is helpful in understanding "ethnornathematics. artificial env ironmen t and to communicate abou t those situations. On the other hand , mathem atics is a sy stem of concepts, algorithms and rul es, embodied in us, in our thinking and doing; we are subject to this system, it determines parts of our identity." When ma themati cs is viewe d as a mean s and as a system embedde d within a culture, our understan d ing of what ma them atics enlarges to encompa ss m uch more than forma l schoo l ma thema tics. Instead, ma thematics includes a mu ltitud e of practices that are characterized by algorithms, formal processes, an d abstraction. In this context, the Warlpiri iconography emerges as an ethnomathematical system. Whatever our position on the mathematical nature of Warlp iri iconography, one thin g, however, is d ear. The Warl pi ri hav e developed a sophistica ted symbolic sys tem for describin g their world.
A pervasive myth in the history of mathema tics is that H u ma nist~MQthematiJ:s Network Jourmll lHS
